Odors have been claimed to be particularly effective mnemonic cues, possibly because of the strong links between olfaction and emotion processing. Indeed, past research has shown that odors can bias processing towards affectively congruent material. In order to determine whether this processing bias translates to memory, we conducted 2 olfactory-enhanced-context memory experiments where we manipulated affective congruency between the olfactory context and tobe-remembered material. Given the presumed importance of valence to olfactory perception, we hypothesized that memory would be best for affectively congruent material in the olfactory enhanced context groups. Across the 2 experiments, groups which encoded and retrieved material in the presence of an odorant exhibited better memory performance than groups that did not have the added olfactory context during encoding and retrieval. While context-enhanced memory was exhibited in the presence of both pleasant and unpleasant odors, there was no indication that memory was dependent on affective congruency between the olfactory context and the to-beremembered material. While the results provide further support for the notion that odors can act as powerful contextual mnemonic cues, they call into question the notion that affective congruency between context and focal material is important for later memory performance.
Introduction
showed that memory for a list of words was better when the words were encoded and retrieved in the same environmental context, than when the words were encoded in one context and retrieved in another. Specifically they found that divers who encoded a list of words underwater performed better on a later memory test underwater than on land, and vice versa for those who encoded the list on land. This effect has been referred to as context-dependent memory. The hypothesis is that, task irrelevant, information about the context is encoded together with the task relevant information; if that task irrelevant information is present during retrieval it can act as a mnemonic cue, increasing the likelihood of retrieving information with which it was previously bound . Since the original investigations on context-dependent memory effects, further research and a metaanalysis (Smith and Vela 2001) have provided strong evidence that context does indeed play an important role in later retrieval.
Odors as context
One question that has interested researchers concerns what a context can be composed of. In attempts to answer this question researchers have utilized many different types of contexts, including, among others, location, music, and color . All of these types of contexts have led to context-dependent memory effects. Additionally, environmental odorants have begun to receive attention as contextual cues. This is particularly interesting given the, potentially strong, connections between olfaction and memory (Chu and Downes 2002) . As an example of a study which utilized this method, Cann and Ross (1989) had male subjects rate female faces on attractiveness in a room filled with either no odor (control group) or a pleasant or unpleasant odor (experimental groups). The subjects were tested 48 h after the initial phase in a different room containing either the same or a different odor (experimental groups) or no odor (control group). Results showed that subjects who completed both phases in the presence of the same odor performed better on the recognition test, as shown by d' and false alarm scores, than subjects who completed the second phase in the presence of a different odor than that of the first phase and subjects who were never in the presence of an odor.
In addition to olfactory context-dependent memory effects being found in the literature, there has also been a focus on olfaction as a particularly powerful cue of autobiographical memory. Many of us have had an experience where we perceive an odor and then immediately relive an emotional autobiographical memory. This experience has been termed the Proust phenomenon (Chu and Downes 2000) , based on a passage from Marcel Proust's Swanns Way. Research has found support for Proustian hypotheses, in that autobiographical memories cued by olfactory stimuli have been found to be more emotional (Herz 1998 ) and older than autobiographical memories cued by other stimuli (Chu and Downes 2000; Larsson et al. 2014; Koppel and Rubin 2016) . Proustian effects and olfactory contextdependent memory effects show that olfactory stimuli can act as reliable mnemonic cues, but this does not fully explain the potential benefits of using olfactory stimuli as contextual cues in research.
Given that odors have been shown to be effective contextual mnemonic cues, we feel they can be utilized in a context-enhancement memory paradigm to answer aspects of 2 further questions. One question concerns to what degree contextual information must or must not be presented in a salient manner to be effective as a mnemonic cue. The second question concerns whether an emotional context biases memory towards affectively congruent targets. These questions will be discussed in turn here.
Presentation of contextual information
In olfactory context-dependent memory research, the context that acts as a potential mnemonic cue is generally presented in the background. This reflects the normal way that we interact with smells on a daily basis. Although we are constantly surrounded by odiferous material, we direct our attention to olfaction much less frequently than towards vision or audition. Research has shown that odors can influence our behavior, even when we do not attend to them (Holland et al. 2005) . This aspect of odors makes them uniquely suited to act as potential contextual cues of memory. Indeed, past research, such as that of Cann and Ross (1989) , has shown that ambiently presented odorants act as effective contextual cues for various types of memory, including procedural memory (Suss et al. 2012) , semantic memory (Aggleton and Waskett 1999) , spatial memory (Parker et al. 2001, Experiment 2; Schwabe and Wolf 2009) , and episodic memory (Smith et al. 1992Herz 1997a , 1997b Parker and Gellatly 1997; Parker et al. Experiments 1 and 2) . However, this research has neglected an important question of whether the context truly must be ambient and outside of the focus of attention (although note that Herz 1997a Herz , 1997b specifically alerted subjects of, or drew subjects' attention to, the ambiently presented odorants).
To date, all research that we know of concerning olfactory context-dependent memory has presented the odorants in an ambient manner, generally through the use of sprays (such as Cann and Ross 1989) or diffusers (such as Parker et al. 2001) . While past contextdependent memory research has shown that increased salience of the context enhances memory performance (Eich 1985) , it is unclear that this would be the case for olfactory contextual cues as well, especially given past research using paired-associates tests, where the odor was very salient, which showed odors to be poor cues of memory for associated items (Davis 1975) .
Experiment 1 of the present research attempts to determine whether olfactory context-enhancement effects on memory can be found without ambient presentation of the olfactory context. Rather than presenting the odorant in the background by means of spray or diffuser, puffs of odorants were presented on each trial by means of an olfactometer. Although subjects were not explicitly instructed to attend to the odor, the method of presentation makes it likely that the olfactory context received more attention than in an ambient presentation mode, even in cases where attention was drawn to the presence of an odor (Herz 1997a (Herz , 1997b . If this method of presentation still leads to context-dependent memory effects, it would mean that odors can have effects on memory, even when presented directly, released in close proximity, and attended to.
In addition to the theoretical issues, finding context-dependent memory effects with our paradigm can have potential practical benefits for future research. Much work on context-dependent memory effects utilizing odorants has utilized a rather long retention interval, or time between study and test. This leads to potential problems, such as contamination of the olfactory sense or potential associations being made with the test odor and other, real life, events between study and test time . One potential reason for past studies using long retention intervals is that adaptation or habituation effects may decrease the ability to perceive the smell during the test phase following a short retention interval. If the smell is not perceived during the test phase, then it is likely that the context from the learning phase will not, in fact, be recollected and one would not then expect to find a context-dependent memory effect. In order to address this issue Isarida and colleagues (2014) utilized an antiadaptation method of presenting a novel odor (i.e., one not used in the learning phase) during the retention interval, which they showed to be effective at reducing adaptation, even over a short period of time between study and test. This, however, raises the problem of presenting the subjects with a different, experiment irrelevant, odorant. Trial-by-trial presentation of an odorant, in the form of short distinct puffs, as in our study, may decrease habituation effects and therefore remove the need for an antiadaptation procedure, while still allowing researchers to maintain short retention intervals, thereby avoiding the problems associated with longer retention intervals discussed above.
Olfaction and emotion
The relationship between emotion and olfaction is a particularly interesting one. As mentioned above, autobiographical memories cued by odorants have a tendency to be particularly emotional. Indeed, researchers believe that valence or pleasantness appears to be a critical attribute when perceiving and processing an odor (Yeshurun and Sobel 2010) . As Yeshurun and Sobel point out, this is potentially due to the strong neuroanatomical connections between primary olfactory cortex and emotion processing areas (Cahill et al. 1995) . For example, only one synapse separates the amygdala from the piriform cortex, which is an important area for processing olfactory information.
Given the importance of valence in olfactory processing (Yeshurun and Sobel 2010) , it stands to reason that perceiving an odor may influence processing of affectively congruent target stimuli from another modality. Indeed, affective congruence is a topic that has received a great deal of attention in a wide range of other research areas (e.g., Newcombe and Ashkanasy 2002; Storbeck and Clore 2008; Spruyt et al. 2012) but is all the more relevant for olfaction, given the strong relationship between olfaction and emotion processing. This notion has received support with affective congruency between an odorant and target material being shown to influence attention and decision making (Hermans et al. 1998; Pauli et al. 1999; Zhou and Chen 2009) . However, the question of affective congruency has received little consideration in context-dependent memory studies, with the exception of a study by Cann and Ross (1989) and a study by Herz and Cupchik (1995) . Cann and Ross (1989) hypothesized that they may find an affective congruency effect when using more or less attractive faces as to-be-remembered material, in the presence of pleasant or unpleasant odors, respectively. The results of the Cann and Ross study failed to find any support for a congruency effect, but it could be argued that their procedure did not actually include affective congruency, as they assumed. While it is clear that pleasant odors can be considered positive stimuli and unpleasant odors negative, it is less clear that the faces used by Cann and Ross can be considered to be positive or negative. That is, first, it might be questioned in general whether the (greater or lesser) attractiveness of faces is equivalent to (other) affective stimuli, and second, ratings showed that the faces used as attractive faces were more neutral (M = 5.89 for tested subjects and M = 5.29 in a pilot study at a Likert Scale ranging from [1] extremely unattractive to [10] extremely attractive) than attractive (in that sense positive).
On the other hand, the study by Herz and Cupchik (1995) utilized a paired-associates paradigm where the subjects had to associate an odor (or a label), either pleasant or unpleasant, with a painting, either positive or negative. In the test phase the subjects were represented with the odor (or label) cue and asked to provide a verbal description of the associated painting. Across 2 experiments the researchers found a tendency for accuracy for painting details to be best in the affective congruent conditions. Furthermore, in one experiment (Experiment 1B), there was a significant interaction specifically for memory for emotional experience during learning phase, whereby emotional state during learning was better remembered in the affective congruent conditions than in the affective incongruent conditions. Although this study provided partial evidence for affective congruence effects in memory, we must be careful not to overstate the effect, given that it was not significant for accuracy for painting details, the experiments utilized a paired-associates rather than context-enhancement paradigm, and testing this effect did not seem to be a specific a priori goal of the study.
Experiment 1
The aims of Experiment 1 were, first, to test whether olfactory context-enhancement effects on memory can be found when an odorant is presented directly, rather than ambiently, and, second, to determine whether olfactory context enhances memory especially well for affectively congruent targets. The utilization of odors as contextual information seems particularly suited to testing this hypothesis, given the strong connections between olfactory perception and emotion processing mentioned above. In order to investigate these questions subjects learned and retrieved positive, negative, and neutral words in the presence of either a pleasant, unpleasant, or neutral (no) odor. Memory was tested by means of a recognition test, where subjects were presented with words and had to determine if those words had been seen in the first part of the experiment or not. This allowed us to determine whether subjects had better memory performance for words that were affectively congruent with their particular olfactory context. Based on previous research showing that odors can act as effective contextual mnemonic cues (e.g., , we expected memory performance to be superior in the groups where an odor was present, than in the group where no odor was present. Furthermore, given the strong link between olfaction and emotion (Yeshurun and Sobel 2010) and the fact that affective congruency has been shown to influence attention (Pauli et al. 1999) , we expected to find better memory for items that were affectively congruent with the olfactory context in which they were learned.
Method

Subjects
Our final sample consisted of 60 subjects (54 females, M age = 22.05 years, SD = 4.86). Of these subjects, all except one who was in the control group, reported an average or above average ability to smell.
However, we actually tested 95 University of Hildesheim undergraduates who participated in return for partial completion of participation hours. Ten subjects had to be removed from the analyses; 9 subjects were removed due to technical issues with the olfactometer and one subject was removed for not following the instructions (the subject used the incorrect response keys for half of the experiment before stopping the experiment and asking the experimenter what the correct response mapping was). This led to an analysis consisting of 85 subjects (79 females, M age = 22.11 years, SD = 5.2).
Of these 85 subjects, 25 completed a different olfaction experiment immediately prior to the current experiment. Non-reported analyses revealed that these subjects performed categorically differently than subjects who performed the current experiment first. Based on this, the data from these 25 subjects were removed from further analyses. We feel justified in removing these data, as there are several reasons why those subjects do not provide a controlled enough test of our hypotheses. We will briefly explain 2 concerns here. One is due to the long after-effects of olfactory stimuli. As opposed to visual stimuli, where the offset of an image means the removal of that image from the environment, olfactory stimuli may remain in the environment, even following the offset of presentation from an olfactometer, potentially leading to contamination during the current experiment. This is especially problematic for our no-odor control condition if the subjects were previously tested in an odor-condition. A second reason is due to contextual memory effects. The odorants presented in the current study were also presented in the other study. This could have led to binding between those odorants and material from the other experiment, potentially leading to interference effects. As a practical lesson learned here, we suggest that researchers in the future looking to make more economical use of subjects do not have them engage in 2 different experiments involving odorants in a single sitting.
Ethical considerations
All data collection, for both experiments, was performed in accordance with the ethical guidelines of the American Psychological Association as well as the World Medical Association's Declaration of Helsinki (revised version from the 64th General Assembly Meeting in Fortaleza Brazil, World Medical Association, 2013) and the experiment was preapproved by the local IRB (Ethik-Kommission). Subjects provided informed consent after being made aware that their participation was voluntary and could be terminated at any time without the risk of penalty and while still receiving their compensation for participation (partial course credit).
Design
Essentially the study conformed to a 3 × 3 mixed design. The withinsubjects variable was word valence (positive, negative, or neutral). The between-subjects variable was olfactory group. Subjects were assigned to either a control group, where no odorant was presented, a pleasant odor group, where subjects were presented with peach odorant, or an unpleasant odor group, where subjects were presented with onion odorant. Additionally, word type (abstract or concrete) was varied within-subjects purely for the realization of the categorization task in the encoding phase. Given that this factor was not of theoretical interest it is not included in the analyses below.
It is important to note here that we utilized a type of contextdependent memory test that can be referred to as context enhancement, rather than context reinstatement. In such an experiment a control group is compared to a group that performs the same task, but with an added contextual element (such as in Herz 1997b ). In the current study, the added contextual element was the presence of either a pleasant or an unpleasant odor, depending on which experimental group the subject was in. This procedure is slightly different to a context reinstatement comparison, where all subjects encode material in the presence of the extra contextual information, but only a selection of the subjects also retrieve the information in the presence of said contextual information (such as in Parker et al. 2001) . Previous research has shown olfactory enhanced contexts to improve memory over baseline conditions (Herz 1997a (Herz , 1997b , and we therefore felt justified in utilizing the current method rather than a reinstatement method.
Materials
The entire experiment was administered on a computer and was presented on a 17" CRT-Monitor. The experiment was programmed using E-Studio version 2.0 (Schneider et al. 2002) . All olfactory materials were presented using an olfactometer (OG001, Burghart Messtechnik).
Verbal material
The verbal material were German words which were rated for their valence (1 = negative to 7 = positive), arousal (1 = not arousing to 7 = very arousing), and concreteness (1 = not concrete/abstract to 7 = concrete) (Schwibbe et al. 1994 ). The word frequency was checked using a German database of written language, COSMAS II (https:// cosmas2.ids-mannheim.de/cosmas2-web/). From these words, 2 separate lists were created, each containing 90 total words, 30 of which were positive, 30 of which were negative, and 30 of which were neutral (see Supplementary Material for word lists and ratings). Half of the words in each group were considered concrete and half were abstract, these were distributed evenly across the valence categories. Each list was either studied during the learning phase or provided distractors on the recognition test.
Olfactory material
Subjects were split into 3 different olfactory groups. The control group was not presented with any extra air or odorant. In this group the olfactometer was turned on, but not connected to an air source. Therefore, the activation of the olfactometer produced the same noises as in the other groups but did not deliver any air to the tubes below the noses of the subjects. The pleasant odor group was presented with peach odorant (Burghart Messtechnik, LA-13-00245) and the unpleasant odor group was presented with onion odorant (Burghart Messtechnik, LA-13-00236). In a pilot test (n = 25) peach was determined to be positive (M = 7.54, SD = 1.35) and onion was determined to be negative (M = 3.5, SD = 1.93) on a 9-point Likert scale ranging from (1) very negative to (9) very positive. The odorants were presented on cotton pads and placed in jars that were connected with tubes that delivered the odorants to the subjects. The tubes terminated approximately 7 cm below the subject's nose, though this depended to some degree on the individual subject's height and how they seated themselves. Olfactory presentation was achieved without the addition of tactile stimulation from an air-puff by means of covering the ends of the presentation tubes with a thin tissue, which was porous enough to allow for diffusion of the odiferous material. Piloting has shown this method to be effective and no subjects of the current study reported any tactile stimulation. Odorants were measured in terms of drops, with 5 drops of onion odorant being used and 50 drops of peach odorant (a pilot study showed these 2 amounts to be rated as equally intense).
Procedure
Subjects first entered the lab, provided informed consent, and completed a modified version of the Edinburgh Handedness Inventory (Oldfield 1971; see Lyle et al. 2008) . Subjects were then randomly assigned to one of the 3 olfactory groups (control n = 20, pleasant odorant n = 20, unpleasant odorant n = 20). Subjects completed 3 different phases: an encoding phase, a retrieval phase, and a rating phase.
Encoding phase
The encoding phase acted as an incidental learning phase for the later retrieval phase, which subjects were not informed about prior to completion. In the encoding phase words were presented in the middle of the screen (Courier New, 48 pt. font). Subjects' task was to categorize the word, via button press, as either concrete (by pressing the "m" key with the right index finger) or abstract (by pressing the "x" key with the left index finger). During the encoding phase all 90 words from one of the 2 possible lists were presented in random order.
Each trial began with a fixation cross presented in the middle of the screen for 2000 ms. The beginning of the odorant presentation was simultaneous with the onset of the fixation cross. The odorant was released from the olfactometer for a duration of 2000 ms, with offset being simultaneous with offset of the fixation cross. During the entirety of the 2000 ms an odorant, depending on the olfactory group, was presented under the nose of the subject. The presentation of the olfactory stimulus was not coupled with tactile stimulation of the skin of the nose from an air-puff (see above). Subjects were given no explicit instructions concerning the odorant or the fixation cross. The fixation cross was immediately replaced by the presentation of the word, which remained for a further 2000 ms. The short study time and incidental learning procedure were chosen to enhance the importance of the olfactory context cues by reducing the chance of outshining (see Isarida et al. 2012) . After the presentation of the word a response screen was presented, requiring the subject to respond as to whether the word was concrete or abstract. Subjects were instructed to answer as quickly as possible once the response screen was presented. The response triggered the beginning of the next trial. There was no intertrial interval.
Before beginning the 90 experimental trials of the encoding phase all subjects completed a practice block consisting of 10 words (5 concrete) which were not used on experimental trials. The practice trials were identical to the experimental trials, except the olfactometer was not activated and no odorant was presented during the time the fixation cross was present on the screen. Subjects worked through all 90 experimental trials of the encoding phase without a pause.
The encoding phase was followed by a 5-min retention interval, in which subjects were asked to color-in mandalas.
Retrieval phase
Subjects began the retrieval phase 5 min after ending the encoding phase. The retrieval phase always took place in the same exact room as the encoding phase with the same experimenter present for both phases (see Smith and Vela 2001 , for a discussion of these issues). Subjects' task in the retrieval phase was to view a word and determine, via key press, whether the word had been presented during the earlier task (by pressing the "f" key with the left index finger) or not (by pressing the "j" key with the right index finger). There were no time limits or explicit instructions to work quickly. The retrieval phase consisted of 180 words (90 old). The 90 new distractors were taken from the non-studied list. As with the encoding phase all words were presented in random order.
Each trial began with a fixation cross presented in the middle of the screen for 2000 ms. During the entirety of the 2000 ms an odorant, always the same as during the encoding phase, was presented under the nose of the subject. The fixation cross was immediately replaced by a word and subjects were asked to respond, with a button press, as to whether the word was present during the encoding phase or not. The response triggered the beginning of the next trial, with no intertrial interval. Subjects worked through all 180 trials of the retrieval phase without a pause.
Rating phase
In the rating phase, subjects were presented with all 3 possible odorants (air, peach, onion) in random order. Each trial began with the presentation of an odorant. Following the presentation of the odorant, subjects were asked to respond, via button press using the number pad on the keyboard, as to how familiar (1-not familiar to 9-very familiar), valenced (1-very negative to 9-very positive), and intense (1-not intense to 9-very intense) each odor was. Following a break of at least 1 min subjects were then presented with all 3 odorants one last time, in random order, and asked to provide a semantic label for each odor.
Results and Discussion
Given that the main interest of the experiment was on the effect of odor on memory performance, the results of the retrieval phase will be presented first. Results relevant to the olfactory enhanced context effect can be found in Table 1 . Results from the encoding phase, which are of no theoretical interest, can be found in Supplementary Material.
Retrieval phase
Three separate dependent variables relevant to recognition performance are reported here: d', hit rate, and false alarm rate. d' is a measure used to calculate the overall accuracy on the recognition task, taking into account both the hit rate and the false alarm rate. All recognition performance dependent measures were submitted to separate 3 (word valence: positive or negative or neutral) × 3 (olfactory group: control or pleasant odorant or unpleasant odorant) mixed-design ANOVAs, whereby word valence was a withinsubjects factor and olfactory group was a between-subjects factor.
d'
Although non-significant, there was a tendency towards a main effect of olfactory group, F (2, 57) = 2.85, P = 0.066, η p 2 = 0.09, with performance numerically better in the unpleasant odor (M = 2.29, SD = 0.49) and pleasant odor (M = 2.07, SD = 0.50) groups as in the control group (M = 1.54, SD = 1.61). To further investigate the context-dependent memory effect, a planned Helmert contrast was performed on d' scores, across all levels of word valence. This test revealed a significant difference, P = 0.026, whereby performance was better in the odorant present groups (M = 2.18, SD = 0.50) than in the control group, while performance did not differ between the pleasant and unpleasant odor groups, P = 0.490. There was a main effect of word valence, F (2, 114) = 3.86, P = 0.024, η p 2 = 0.06. Post-hoc comparisons revealed that the main effect was driven by numerically better memory for negative (M = 2.09, SD = 1.14) than positive (M = 1.81, SD = 1.16) words, P = 0.051, with memory performance for neutral words being between the 2 (M = 1.99, SD = 1.12), all P's > 0.203. There was no indication of an interaction between olfactory group and word valence, F (4, 114) = 0.01, P > 0.999, η p 2 < 0.01.
Proportion of hits
The results of the ANOVA for proportion of hits mirrored the pattern of d' results. Hits were numerically, but not significantly, higher in the unpleasant odor (M = 0.75, SD = 0.15) and pleasant odor (M = 0.74, SD = 0.12) groups as in the control group (M = 0.67, SD = 0.25), F (2, 57) = 1.25, P = 0.294, η p 2 = 0.04. The planned contrast revealed no differences, P = 0.125, between the control group and the odorant present groups (M = 0.75, SD = 0.13). Furthermore, there was no difference between the pleasant and unpleasant odor groups, P = 0.790. There was no main effect of word valence, F (2, 114) = 0.75, P = 0.476, η p 2 = 0.01, and no indication of an interaction between olfactory group and word valence, F (4, 114) = 0.33, P = 0.860, η p 2 = 0.01.
Proportion of false alarms
This ANOVA revealed a significant main effect of olfactory group, F (2, 57) = 4.28, P = 0.019, η p 2 = 0.13. The planned contrast revealed that the false alarm rate was higher in the control group (M = 0.25, SD = 0.25) than in the odorant present groups (M = 0.13, SD = 0.05), P = 0.005, while there was no difference between the pleasant (M = 0.14, SD = 0.06) and unpleasant (M = 0.12, SD = 0.04) odor groups, P = 0.661. As with d' and hit rate, there was no indication of an interaction with word valence, F (4, 88) = 0.90, P = 0.879, η p 2 = 0.01.
The ANOVA also revealed a main effect of word valence, F (2, 114) = 12.18, P < 0.001, η p 2 = 0.18. Bonferroni corrected multiple comparisons revealed that the false alarm rate was higher for positive (M = 0.21, SD = 0.16) than negative (M = 0.16, SD = 0.17) and neutral (M = 0.15, SD = 0.17) words, all P's < 0.003. The false alarm rate for negative words was larger than that for neutral words, P = 0.012.
Summary of most relevant measures
In relation to the context-dependent memory effects, the planned contrasts revealed differences in 2 dependent variables (d': P = 0.026; false alarms: P = 0.009) with performance being superior in the odorant present groups (M d' = 2.18; M FAs = 0.13) than the control group (M d' = 1.54; M FAs = 0.25). The planned contrast revealed no differences in terms of hits. In relation to the affective congruency hypothesis, the ANOVAs revealed no significant interactions between group and word valence for any of the dependent variables.
Rating phase
The analyses on the ratings revealed no surprises. In sum, peach was rated as more familiar than air; familiarity ratings for onion were between those of peach and air and did not differ from either. Peach was rated as more positive than air and onion, and air was also rated as more positive than onion. Finally, peach and onion were more intense than air but did not differ from each other.
Experiment 2
Given the unexpectedness of the failure to find an interaction between context and target valence, we decided to conduct a second experiment, with 3 major alterations. The first alteration was in the target material. In Experiment 1, words were used as targets but the words were not rated as highly emotional; therefore in Experiment 2, we used highly emotional pictures in order to make the material more sensitive to affective congruency effects. The second alteration was in the degree of congruency. In Experiment 1, we manipulated congruency in a broad way as a matter of valence (i.e., positive or negative). In Experiment 2, we limited our stimuli to negative emotions. Specifically, we used a disgusting smell (fish odorant) as the context and disgusting (congruent), non-disgusting negative (incongruent), and neutral pictures as targets. Again, this alteration was done in order to make the paradigm more sensitive to potential affective congruency effects. The third and final major alteration was in the method of presentation of the olfactory material. In Experiment 1, we showed that olfactory context-dependent memory effects do not depend on the ambient presentation of the olfactory material. However, it could be that the mode of presentation distracted from emotional processing of the target stimuli by causing more of a focus on the affective properties of the olfactory stimulus. In order to rule out this possibility, Experiment 2 utilized an ambient method of olfactory presentation.
Method
Subjects
The final sample consisted of 61 (54 females, M age = 22.20 years, SD = 4.7) subjects from the University of Hildesheim. The original sample consisted of 67 subjects, 6 of whom had to be removed due to experimenter error. Subjects were all undergraduates who participated in return for partial completion of participation hours. All ethical considerations were the same as in Experiment 1.
Design
Essentially, the study conformed to a 3 × 3 mixed design. The withinsubjects variable was picture emotion (disgusting, non-disgusting negative, or neutral). The between-subjects variable was olfactory group. Subjects were assigned to either an odorant −/− group, where no odorant was presented in the encoding or retrieval phase, an odorant +/− group, where subjects were presented with fish odorant in the encoding phase, but no odorant in the retrieval phase (these first 2 groups were control groups in which there was no reinstatement of olfactory context), or an odorant +/+ group, where subjects were presented with fish odorant in both the encoding and retrieval phases (in this group, there was a reinstatement of olfactory context). Additionally picture type (human or animal) was varied within-subjects purely for the realization of the categorization task in the encoding phase. Given that this factor was not of theoretical interest it is not included in the analyses below.
As opposed to Experiment 1, this experiment allowed for tests of both context reinstatement and context enhancement. The addition of a second control group, odorant +/−, allowed us to ensure that any effects of memory were not simply due to affective congruence in the encoding phase leading to greater attention towards stimuli that were emotionally congruent with the context.
Materials
As in Experiment 1, the entire experiment was programmed using E-Studio version 2.0 (Schneider et al. 2002) and was administered on a computer and was presented on a 17" CRT-Monitor.
Pictures
The pictures were taken from 2 separate databases. All non-disgusting negative pictures were taken from the IAPS (Lang et al. 2008 ). All disgusting pictures were taken from DIRTI (Haberkamp et al. 2017) . Half of the neutral pictures were taken from the IAPS and the other half of the neutral pictures were taken from DIRTI. From these databases, 2 different sets of pictures were created, each containing 40 total pictures, 20 of which were neutral, 10 of which were disgusting, and 10 of which were non-disgusting negative (see Supplementary Material for picture ratings). Half of the pictures in each set primarily depicted humans while the other half primarily depicted animals, these were distributed evenly across the valence categories. Each set was either studied during the learning phase or provided distractors on the recognition test.
Olfactory material
The 2 groups who were exposed to odorants were presented with fish odorant (Burghart Messtechnik, LA-13-00181). Olfactory material was presented ambiently in a testing room using a candle diffuser, which was placed about 500 cm away from the subject on the same desk as the computer monitor but which was covered from the subject's sight. Half a milliliter of odorant was added to a bowl containing 40 ml of water. The bowl was situated over a candle that was lit in the room 15 min before the scheduled arrival of the subject. Pretesting determined that this method was sufficient to diffuse the smell of fish throughout the testing room, so that it was consciously perceptible by subjects.
Procedure
Subjects first entered the lab, provided informed consent, and completed an affect grid, which assessed their level of arousal and current feelings of pleasantness (Russell et al. 1989 ). Subjects were then randomly assigned to one of the 3 olfactory groups (odorant −/− n = 20, odorant +/− n = 17, odorant +/+ n = 24). Subjects completed 4 different phases: an encoding phase, a retention interval, a retrieval phase, and a rating phase.
Encoding phase
The encoding phase was identical to that of Experiment 1 with the following exceptions: 1) Depending on the olfactory group the encoding phase took place in either a room containing no extra odorant (odorant −/−) or in a room containing fish odorant (odorant +/− and odorant +/+). When in a room containing fish odorant, the candle diffuser was lit for the entirety of the encoding phase, constantly distributing the odorant. Subjects were not specifically alerted to the presence of the odorant and were given no instructions on sampling the odorant. All rooms were of identical size and layout (150 cm × 275 cm × 190 cm). In the encoding phase pictures were presented in the middle of the screen (18.18° × 13.69° visual angle subtended). 2) Subjects' task was to categorize the picture, via button press, as either human (by pressing the "j" key with the right index finger) or animal (by pressing the "f" key with the left index finger) as quickly as possible. 3) There were only 40 pictures presented from one of the 2 possible lists. 4) The fixation cross was presented for 1000 ms and was directly replaced by the picture which was presented for 2000 ms. 5) The practice block consisted of 6 pictures (3 human) which were not used on experimental trials.
Retention interval
The encoding phase was followed by a 10-min retention interval, which took place in a room different from that of the encoding and retrieval phases. The first step of the retention interval involved exposing the subjects to a new odorant (peach odorant, for details, see Experiment 1). This was shown to be effective in reducing the effects of habituation and/or adaptation, which could potentially decrease the chance of finding context-dependent memory effects when using olfactory stimuli . The method of exposure involved presenting the subject with a vial containing the odorant several times over a period of 20 s. The subject was then asked to provide a name for the odorant, to ensure that the subject attended to the presentation of the odorant.
The presentation of the retention interval odorant was followed by a short visual search task, which was completed on the computer. If there was still time remaining, subjects were asked to complete a paper and pencil trivia game. If there was still time remaining following the quiz, then subjects were asked to color-in mandalas.
The retention interval for Experiment 2 was made longer and more complex than that of Experiment 1 to avoid ceiling level performance on the later recognition test. This was necessary due to both the lower number of items studied in Experiment 2 as compared to 1 (40 vs. 90) and the type of studied material (pictures vs. words). As is shown in the Results section below, these measures were justified, as performance was exceptionally good in Experiment 2.
Retrieval phase
Subjects began the retrieval phase 10 min after ending the encoding phase. As opposed to Experiment 1, where the stationary setup of the olfactometer prevented room switching, the retrieval phase in Experiment 2 always took place in a different room as the encoding phase, with the same experimenter present for both phases. All testing rooms used, in both the encoding and retrieval phases, had the same dimensions and contained the same physical objects. Only subjects in the odorant +/+ group completed the retrieval phase in a room containing fish odorant. For the +/+ group, the candle diffuser was lit for the entirety of the retrieval phase, constantly distributing the odorant. The subjects were not alerted to the presence of an odor and were given no instructions on sampling the odorant. Subjects' task in the retrieval phase was to view a picture and determine via key press whether the picture had been presented during the encoding phase (by pressing the "m" key with the right index finger) or not (by pressing the "x" key with the left index finger). There were no time limits or explicit instructions to work quickly. The retrieval phase consisted of 80 pictures (40 old). The 40 new distractors were taken from the non-studied set. As with the encoding phase, all words were presented in random order.
Each trial began with the presentation of a picture in the middle of the screen and subjects were asked to respond, with a button press, as to whether the picture was previously seen or not. The response triggered the intertrial interval, which lasted for 1000 ms. Subjects worked through all 80 trials of the retrieval phase without a pause.
Rating phase
In the rating phase, subjects were first presented with all 80 pictures from the retrieval phase. Each picture was presented in the middle of the screen and subjects were asked to rate the pictures for arousal, valence, and disgust on 9-point Likert scales. After rating the pictures subjects rated 3 different odorants as to how arousing (1-not arousing to 9-very arousing), disgusting (1-not disgusting to 9-very disgusting) and pleasant (1-very negative to 9-very positive) they were. The 3 odorants, fish odorant, peach odorant, and tap water, were presented in vials by the experimenter and subjects provided ratings by circling the according rating on a sheet of paper. After rating each odorant, subjects were asked to provide a verbal label for the odorant. The results of the rating phase were in line with predictions, and will not be discussed further below.
Results and Discussion
Again, we present the results of the retrieval phase first. Results relevant to the olfactory enhanced context effect can be found in Table 2 and Figure 1 (results of the encoding phase can be found in Supplementary Material).
Retrieval phase
Analyses were the same as in Experiment 1: We conducted 3 (picture emotion) × 3 (olfactory group) mixed-design ANOVAs, separately for d', hit rate, and false alarm rate.
d'
There was a significant main effect of olfactory group, F (2, 58) = 3.62, P = 0.033, η p 2 = 0.11, with performance numerically best in the odorant +/+ group (M = 3.40, SD = 0.57), worst in the odorant +/− group (M = 2.87, SD = 0.81), and in between the other 2 in the odorant −/− group (M = 3.24, SD = 0.51). To further investigate the context-dependent memory effect, a planned difference contrast was performed on d' scores, across all levels of picture emotion. This test revealed that performance was better in the odorant present (+/+) group than in the control groups (M = 3.07, SD = 0.68), P = 0.040, which did not significantly differ from each other, P = 0.080.
The ANOVA also revealed a main effect of picture emotion, F (2, 116) = 16.94, P < 0.001, η p 2 = 0.23. Bonferroni corrected multiple comparisons revealed that memory performance was better for disgusting pictures (M = 3.58, SD = 0.76) than either non-disgusting negative (M = 3.16, SD = 0.85) or neutral (M = 2.78, SD = 1.06) pictures, all Ps < 0.003, as well as better for non-disgusting negative than neutral pictures, P = 0.012. There was no indication of an interaction between olfactory group and picture emotion, F (4, 116) = 1.00, P = 0.409, η p 2 = 0.03.
Proportion of hits
The results of the ANOVA for proportion of hits mirrored the pattern of d' results with hits being numerically higher in the odorant +/+ group (M = 0.88, SD = 0.07) than in the odorant +/− (M = 0.83, SD = 0.12) and odorant −/− (M = 0.83, SD = 0.10) groups but the main effect of group was not significant, F (2, 58) = 2.22, P = 0.117, η p 2 = 0.07. The planned contrast revealed that performance was better in the odorant present (+/+) group than in the control groups (M = 0.83, SD = 0.11), P = 0.040, which did not significantly differ from each other, P = 0.837. The ANOVA also revealed a main effect of picture emotion, F (2, 116) = 9.55, P < 0.001, η p 2 = 0.14. Bonferroni corrected multiple comparisons revealed that the hit rate was higher for disgusting (M = 0.88, SD = 0.11) and non-disgusting negative (M = 0.86, SD = 0.11) pictures than neutral pictures (M = 0.80, SD = 0.15), all Ps < 0.003. The hit rate did not differ between disgusting and nondisgusting negative pictures, P = 0.387. There was, again, no indication of an interaction between olfactory group and word valence, F (4, 116) = 1.00, P = 0.413, η p 2 = 0.03.
Proportion of false alarms
There was no main effect of olfactory group, F (2, 58) = 2.70, P = 0.076, η p 2 = 0.09. The planned contrast revealed no difference between the odorant present group (+/+) (M = 0.08, SD = 0.07) and the control groups (M = 0.11, SD = 0.13), P = 0.221. The contrast did reveal that the false alarm rate was lower in the odorant −/− group (M = 0.08, SD = 0.10) than in the odorant +/− group (M = 0.15, SD = 0.12), P = 0.047. The ANOVA revealed a main effect of picture emotion (Greenhouse-Geisser correction), F (1.80, 104.12) = 4.19, P = 0.021, η p 2 = 0.07. Bonferroni corrected multiple comparisons revealed that the false alarm rate was higher for non-disgusting negative (M = 0.12, SD = 0.16) than disgusting (M = 0.07, SD = 0.10) pictures (P = 0.001) but was not higher than for neutral pictures (M = 0.11, SD = 0.16) (P = 0.558). The false alarm rate for neutral pictures was not higher than that for disgusting pictures (P = 0.053). There was, again, no indication of an interaction between olfactory group and picture emotion, F (4, 116) = 0.84, P = 0.502, η p 2 = 0.03. Values in parentheses refer to standard errors. Negative refers to non-disgusting negative pictures. *Main effect of olfactory group P < 0.05.
Summary of most relevant measures
In relation to context-enhancement memory effects, the planned contrasts revealed significant differences in 2 dependent variables (d': P = 0.040; hits: P = 0.040) with performance being superior in the odorant present group (M d' = 3.40; M Hits = 0.88) than the control groups (M d' = 3.07; M Hits = 0.83). The planned contrast revealed no difference between the odorant present and control groups in terms of false alarms. Further, the planned contrast for false alarms revealed better performance in the −/− group (M FA = 0.08) than the odorant +/− group (M FA = 0.15). Together with the finding of better performance in the +/+ group than the +/− group (same pattern for d' and false alarms), this most likely indicates a potential detrimental effect of a change of context, somewhat different than the beneficial effects of context enhancement found both in Experiment 1 and this experiment (in terms of a higher hit rate in the +/+ group than the −/− group).
Again, in relation to the affective congruency hypothesis, the ANOVAs revealed no significant interactions between group and picture emotion for any of the dependent variables. In order to test a slightly different hypothesis, that a change in context between the encoding and retrieval phases decreases memory performance, one could perform a different set of contrasts testing performance in the −/− group versus +/+ group and those 2, no change, groups against the +/− group, which did have a change of context. These contrasts reveal that remaining in the same context leads to better memory performance than when context is changed, in terms of d' and false alarms (all Ps < 0.025), but not hits (P > 0.05). Furthermore the odorant −/− and +/+ group did not significantly differ in terms of d' and false alarms (all Ps > 0.05), though there was a tendency towards better performance in the +/+ than −/− group in terms of hits (P = 0.094).
Combined Experiments 1 and 2
Given the similarity of the 2 experiments reported above, we felt it was prudent to perform final analyses on the data combined between the 2 experiments. This allows us to have more power while testing the effects of context-dependent memory, which is especially important given that the effects were strongest in false alarms in Experiment 1, but in hits in Experiment 2. In order to perform the combined analyses certain groupings had to be made with the data, which we will describe below.
Context-dependent memory effects
Given that the 2 experiments used different types of stimuli (words vs. pictures) with varying attributes, the combined analyses had to be performed across these variables. Therefore the means were taken of each dependent measure, with no consideration of stimulus attributes. This left us with 3 dependent measures: d', hit rate, false alarm rate. Additionally, the groups used in the 2 experiments differed. To test the effects of context-dependent memory, all groups across the 2 experiments were combined into one of 2 groups, R− (no reinstatement of olfactory context) or R+ (reinstatement of olfactory context). The R− group contained all olfactory groups that did not contain a contextenhanced retrieval session, while the R+ group contained all olfactory groups that did contain a context-enhanced retrieval session. Therefore, each of the dependent measures was submitted to a separate 2 (Experiment: 1 or 2) × 2 (Group: R− or R+) between-subjects ANOVA.
The ANOVAs revealed significant main effects of Group (see Figure 2) A final note should be made that sex differences are often found in olfaction research (e.g., Hermans et al. 1998 ). As we did not have enough males to test for sex differences, we performed the analyses above, simply excluding male subjects. The pattern of results was exactly the same as when males were included, with slightly less power. Although far from conclusive, this suggests that sex does not determine/influence the effectiveness of odors as contextual mnemonic cues. 
General Discussion
The current experiments aimed to test 2, somewhat independent, hypotheses; first, that performance on a recognition test would be better for subjects who learned and retrieved material in the presence of an odorant than subjects who learned and/or retrieved material with no odorant present, and second, that recognition performance in the odorant present groups would be best for words or pictures that were affectively congruent with the odorant, that is better performance for positive stimuli in the pleasant odor group and better performance for negative stimuli in the unpleasant odor group. The first hypothesis was supported by the results of both experiments, as recognition performance was better when an (that is to say, the same) olfactory cue was present during encoding and retrieval than when this was not the case. No evidence was found supporting the second hypothesis, as there was no interaction between olfactory cue and target affective properties in either experiment. As a peripheral result, we found support for the potentially detrimental effect of changing context between encoding and retrieval (see Experiment 2); although potentially interesting, this result is not directly relevant to the current study and will receive no further discussion here. Given the independent nature of the hypotheses, we have decided to break the discussion into 2 separate parts. We begin with the olfactory context-enhancement aspect.
Context-enhancement effects
The results of the current study conform to past studies showing that memory performance is enhanced when an olfactory context is present during the encoding and retrieval of target information (Herz 1997b ). In the current investigation, this was found to be the case for words (Experiment 1) and pictures (Experiment 2). Importantly, across both experiments, the olfactory enhanced context was shown to increase corrected accuracy, as measured by d', by increasing the hit rate and decreasing the false alarm rate, which is in line with previous research on context-dependent memory (Smith and Vela 1992) and olfactory context-dependent memory in particular (Cann and Ross 1989) .
In addition to pointing out that olfactory cues aid memory, we feel it is important to point out that the type and valence of the odorant did not influence the results. For example, both pleasant (Experiment 1) and unpleasant (Experiments 1 and 2) odor cues were shown to improve memory performance above control conditions when presented during encoding and retrieval, and the unpleasant odor used differed between Experiments 1 and 2. This is a matter of some importance in order to make more general claims (see , for a discussion of the importance of testing different contextual stimuli).
Of equal importance is that the results of the current experiments were found while utilizing short retention times of 5 min in Experiment 1 and 10 min in Experiment 2. Most previous research on olfactory context-dependent memory has utilized long retention times of between 1 day and 4 weeks . The benefit of long retention times is that it may avoid problems of adaptation, which could prevent context effects during the test session. However, these benefits come with potential costs, including contamination of olfactory sense and further associations being formed between the test odorant and everyday objects or activities. To our knowledge, only 2 previous studies have utilized short retention times of 5 min, as in the current study.
First, a study by Pointer and Bond (1998) found evidence of olfactory context-dependent memory for a prose passage, following a short retention interval of 5 min. In their study, subjects read a prose passage on piece of paper infused with peppermint odorant. During the testing phase, the group of subjects who completed a recall task on a piece of paper infused with peppermint remembered more of the ideas of the passage (quantity score) and more exact wordings (quality score) than the group of subjects who completed the recall task on an odorless piece of paper. This study, however, used an extremely short learning phase of only 2 min. This short learning phase likely reduced the chances of adaptation occurring.
Second, a study by found evidence of olfactory context-dependent recall for a word list following a short retention interval of 5 min. Across 2 studies, the subjects learned a list of 2-letter words, with various presentation rates (either 4 s or 8 s). In Experiment 1, subjects in the 4-s presentation condition who learned and retrieved words in the presence of the same odorant recalled more words than subjects who retrieved the words in the presence of a different odorant than that in which they learned the words. There were no differences in the 8-s condition. In Experiment 2, in order to decrease the chances of adaptation occurring, Isarida and colleagues (2014) developed a method of presenting an extra, experiment irrelevant, odorant during the retention interval. This method was seemingly effective at reducing adaptation and led to greater recall in both the 4-and 8-s presentation conditions for the group that learned and recalled in the presence of the same odorant than the group that recalled in the presence of a different odorant than learning. This method worked for our current Experiment 2 as well.
In the current Experiment 1, we found evidence of olfactory context-dependent recognition following a short retention interval, even though we did not utilize an antiadaptation method (as in , and Experiment 2 of this paper) and even though our learning phase was significantly longer (at least 6 min, with 90 tobe-remembered words) than that of either Pointer and Bond (1998; 2 min) or 20 to-be-remembered words). We believe this was due to the presentation method that we utilized.
That olfactory stimuli can act as effective contextual mnemonic cues, even when presented directly, rather than ambiently, was not to be taken for granted. In everyday life, we are constantly surrounded by a variety of odiferous substances but we attend to olfactory stimuli much less often than visual or auditory stimuli. Furthermore, a pairedassociate experiment, in which the odorant was specifically attended to, showed odors to be poor cues of associative memory (Davis 1975) .
Utilizing an olfactometer to induce an olfactory context can have several practical benefits to researchers interested in olfactory context-dependent memory. One benefit concerns reducing retention intervals, as discussed above. Another involves increased experimental control. While using an olfactometer, researchers can manipulate the duration of each presentation of the olfactory context, manipulate the frequency of presentations, and can alternate between several different olfactory stimuli in a single experiment. This final point could allow for interesting investigations into olfactory cue overload and temporal fluidity of context.
Affective congruency effects
Typically, the first verbal label that enters the mind when perceiving an odor relates to whether it is pleasant or not, and some researchers believe that we actually categorize and discriminate between different odors based on the unique affect and arousal they elicit (Yeshurun and Sobel 2010) . Given the importance of affect to olfactory perception, we hypothesized that the olfactory context would specifically lead to mnemonic benefits for affectively congruent stimuli. However, across 2 experiments, we found no support for affective congruency effects. In Experiment 1, memory for positive, negative, and neutral words was superior when in an odorant present group, regardless of whether the odorant was pleasant or unpleasant, while in Experiment 2 memory for pictures was better when encoding and retrieval took place in the presence of a disgusting odor, regardless of whether the pictures were neutral, non-disgusting negative, or disgusting. Finally, unreported analyses across the 2 experiments also failed to find any support for affective congruency effects. A power analysis using G*Power 3 (Faul et al. 2007 ) revealed that we could have found an effect of d = 0.31 (with α = 0.05 and β = 0.80 in a one-tailed t test) given the 64 subjects who took part in conditions where compatible effects were possible.
This finding is seemingly in line with a study by Cann and Ross (1989) , where the researchers also failed to find an affective congruency effect for memory, although the conclusions drawn from their experiment can be questioned, as discussed in the Introduction section. However, the lack of an affective congruency effect does differ from olfaction research in other areas. For example research has shown that an odor speeds processing of affectively congruent words (Hermans et al. 1998 ) and biases facial expression recognition towards affectively congruent expressions (Zhou and Chen 2009 ).
There are several possibilities for why no affective congruency effects were found. One potential reason relies on the fact that odor is so closely related to emotion. It could be that, since odors strongly activate the emotional system, the to-be-remembered targets seemed rather unemotional in comparison. While this seems like a plausible explanation for the results of Experiment 1, it is difficult to argue this point in relation to the results of Experiment 2, as the material were chosen to be highly emotional, a point that is supported by the given ratings, and there were no differences in ratings as a function of olfactory group.
A second, related, hypothesis relates to the nature of the encoding task, which was based on semantic categorization. It may be that an affective categorization task is needed to enhance emotional processing and lead to affective congruency results (see Aguado et al. 2007 for related findings). However, the current findings seem to speak against the first 2 hypotheses. Memory performance was better for emotional than neutral targets in both experiments. In particular, in Experiment 2 memory was better for non-disgusting negative and disgusting pictures than neutral pictures. This seems to indicate that the targets were indeed processed with respect to their emotional value.
A third hypothesis is that emotional or affective information is simply not an aspect of what is stored when a semantic or visual item is bound to an olfactory context. This would mean that, although an item is bound to its context, possibly in a manner like an event file (Hommel 2004) , the affective congruency between the 2 is unimportant for storage and later retrieval. While this seems at odds with findings where affective congruency was important on attention tasks (which presumably also required memory; Hermans et al. 1998; Pauli et al. 1999) , it could be that affective congruency between an olfactory cue and a semantic target simply does not translate to long-term memory.
Finally, there are several limitations of the current experiments that may have decreased the chances of finding affective congruency effects. One is the limited number of olfactory material that was utilized (2 different odorants in Experiment 1 and 1 odorant in Experiment 2). Future studies utilizing a wider range of odorants may indeed find different results. A second, related, limitation is that we utilized the same odorants for each subject, rather than having an individualized situation, where subjects were presented with odors they personally found particularly pleasant or unpleasant. This method may indeed lead to different results, but we did conduct (unreported) individualized correlations with odor valence ratings and memory performance for positive and negative words in Experiment 1 and odor valence and disgust ratings and memory performance for non-disgusting negative and disgusting pictures in Experiment 2 and found no indications of correlations. One final limitation we would like to highlight, which could be addressed by future research, is that both our experiments manipulated olfactory group in a between-subjects manner. Future research could manipulate odor presentation within-subjects; in particular an experiment utilizing direct presentation by means of an olfactometer could manipulate odorant presentation on a trial by trial basis.
Conclusions
The current experiments further support the notion that odors can act as effective contextual mnemonic cues. Importantly, Experiment 1 found support for this notion without the problems associated with a long retention interval and without the addition of an extra antiadaptation method which requires the presentation of another olfactory stimulus. Finally, across 2 experiments, we failed to find support for the hypothesis that memory is enhanced for items that are affectively congruent with the olfactory context.
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